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INTRODUCTION

Lo Troiamioary Rz ache

LrTpate T nardgeravie progress made in noise control in aviation,
the ncoee L owel 0oxoaern aircraft is quite high.

ST o

i 2ridles tne rangea of r~nise intensity for certain types of

(for commercial aircraft, in the
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TABLE
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Fyro 8 aipopnfe Noise lavel, db
Fuenteors M3 Vintonctornaya gruppa
- AN L. Louns L:‘ 120-130
Movoanroveoy 110-128
I ' i faroenger aireraft 90-110
m ji-te ensiderable,even in aircraft of the same
tope. T - reraft is usually less than in craft with
N3
T "t oneise Twevel in miqy aircraft to reach magnitudes
such st et b ..t AY sueh icvcls conversation i3 completely impos-
sible, . ono o LLownTnong cause a temporary decrement. in hearing.
Sven W o Ll croolal \.~-uw1;atxon instruments (interphones, radios)
dezirnas- 2 f oy ion anter nolsy conditions do not assure that speech
will b eto T e o le Thrs re lower noise levels at which <onvarsation
15 peeavieg bar Crole are ernnusting Lo persons aubjected to them for
loagy . d
abtle s, -1 the author's data, adduces levels of typical air-
eraft roLue nms oo {; roximAte hwntn rosponse thereto (without helmet
or soun o inrul ot the oabin).
TAULE 2
velotw ALUATICN OF NOTSE INTER: ERING WI'TH ACTIVITY
NoLo, Joljective evaluation
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“oaversation impossible even at top of o..o's lungs
opprossive and disorienting
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It gues without saying that the passengers in an aircrafz should be
able to zonverse without special effort and not be subject to excitation,
by noige. This corresponds to a level of approximstely $0 to 105 db, .
although this level exceeds that in well-built trunk-line railway car.
Aircraft ncise is more ":onfortable," as railway noise is "sharpar® and
more irregular. Thus, in evaluating the reaction to & noise, it is
necessary to reckon not only with its intensity, but its pitch harmonics.

In milaitary aircraft the crew workers in helmet-encased headphones,
which considerably ease its work. Here, in avaluating permissible noise
level, it is necessary to allow for maximum possible impairment of the
quality of communication by radio and among crew members. In thias situation
a noise lovel of 115 to 120 db represents a maximum at which it is today
still posaible to have satisfactory communication.

How i3 noise to be reduced in aircraft?

Of major significance in this respect is reduction of noise at its
sources in the aircraft and provision of soundproof cabin walls.

Table 3 shows the possible limits of noise reduction relative to
the overall level,n, and to that of various frequency bands,faf,
with the use of sc .nd insulation and diminution of noise at the source
for & twin-engine passenger aircraft, '

Table ! is divided into 2 portions.

The first shows noise levels from major sources with and without
attention to pessible maximum possibilities of reduction therein and on
the assumptinn tha' the cabin wall carries no insulation. Thus, for
engines of this power, the total propeller noiss is 122 db, while use
of special low-noise propellers permita the reduction of this factor
to 100 to 104, db.

TABLE 3

NOISZ IN DB FROM MAJOR SOURCES IN AIRCRAFT, WITH AND WITHOUT
CONSIPERATION OF POSSIBILITIES OF REDUCTION THEREIN

Source Noise level in db from various sources

without noise- with maximum reduction

reduction
Propeller 122 100-104
Exhaust 118 100-104
Zngine 104 89-99
Ventilation JRTA 72-76
Vibration of parts 108 T4=79
Aerodynasmic noise 9L 79-84
Total noise lavel 124 104-108

POSSTBILITIES FOR REDUCTION OF PASSENGER-CABIN NOISE HY INSULATION

Type of Insulatior

(cabin wall mater:ial) Total  600-120c¢ 1200-24,00¢ 2,,00-1,800z
No insulation (model with
minimuz noise level) 105 86 34 82
-2 -
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Typo ¢f inaulati-n for cabin Noise recduction with given insulation, ddb

i o~ . .
D.€ [ Covas
kg - (] ..

. term D
= PRI

Ve, e uwurnl TADIN pal. aal

.
-

Peneling plus inasulaticn, with
air sp.uce 3-5 3-6 5-9 10-16

Panelin;; and zulti-ply insulation,
wilh a.ir space 3-8 ,-10 10-16 20-40

The noiao level from ventilation is 114 db. Use of rational venti-
lation designs and sound insulation of the air ducts makes it possible
to reduce n3isc frecm this source to 72 to 76 db. With maximum noise
reducticn in all scirces, noise can be brought down to not less than 104
to 107 ur :n all, ‘e, to a level somawhat higher than that from the
largest single source of noise with maximum reduction. Under these con-
ditions, the molsc from ventiiation, vibration of parts, etc, may not
axceed 90 to 95 db as further reduction would in any case have no signi-
ficant #ffect on o1l noise level (see below, determination of noise
irtanzity,p n, and formulas L and La).

The secena part of Table } pormits evaluation of the effect of various
types of cabin soundproofing. Here we examine both the reduction in total
cabin noise (105 4b being a value sslected on the basis of the findings
in Table 4, Part I) and the noise levels in various frequency bands as
the offvit of zaundproofing is felt with particular force at high frequencies.

It 1: eviiont that use of the third type of soundproofing peimmits
a redquctim - f 3 t> 8 db in total noise, and of 20 to 4O db in the 2,400
to 4,80 Tona

Tacl. ! reveais that the total attainable noise reduction, in db from
aireraft n:i.s «ontral and the use of cabin soundproofing, is 25 db, (from
122 & %7 & n raxirun nolse reduction on and multi-ply soundproofing)
and 49 ro & 2roinotne high frequencies.

1. = taility, the tetal noise lovel in the aircraft cabin without
snornontny ot reduction of nolse from individual sources is 124-2, or
12;. db, 4, th2 cabin walls reduce noise by about 2 db. Assuming “hat
the nolse reduction it the source is about 20 db, and the cabin sound-'
proofin, it w.other 5, we obtiin a total possitle noiss reduction of about
25.

Thiu reduction 1s extremely important to improve intelligibility of
conversation in communications lines and for passenger confort in com-
mercial nircraflt

For aireraft with other noise levels the possible reduction attaina-
ble is the zame

in a compariscn of Tables 1 and 3 the following questions naturally
arise

(1) wnat are the causes for the high noise lovels in aircraft, and
how ¢an they be reduced to a minimum?

(2) what ncise levels may be considered permissible, considering
that tie casts of aireraft construction and operation are affected by
the weipht of the soundproofing they carry and the complexity of the
TOASUred Uulded Jor nolse contml.

-3 -
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Bafore proceeding to an examination of these uestions, let us
discuss the characteristics of the noises of contemporary aircraft and
the effect of aircraft noise on the human organism.

{Pages 32-35]

2a_ Effect of Noisc on the Humap Ormanigm

Noise irritates ths human nervous systex and induces changes in the
functioning of the apparatus of hearing and speach. 1In the presence of
noise a porson involuntarily speaks louder and strains his vocal chords.
Sometimes this causes a noticeable change in the pitch composition of
speech, a fact that must be considered in planning communications apparatus
designad to function in surrounding noise. Long-term presence in nolse
induces fatigue. Beginning at a particular noise level, and depending upon
the pitch composition, one is conscious of a sensation of discomfort, the
irrication of the organism by noise increasing very rapidly as the level
rises (Table 2). In addition, the irritating properties of sounds differing
in frasquency are not identical, and the most unpleasant ars sounds in the
high-frequency portion cf{ t} aural band.

Thus, the irritation caused by LOO and L,800 ¢ is identical il the
140—c noise is 20 db higher. It is therefore essential to devote particular
attention to roducing the high-frequency components of noise, thus making
it more "confortable.™

It must also be noted that the inteliigibility of speech under con-
ditions of noise depends upon the speech components being higher than
the noise in the range from 250 to 3,500 to 4,000 c. Therefore, for
raising the intelligibility of speech it desirable to reduce the high-
frequency components of noise by all possible means.

All researchers emphasize the importance of taking all possible mea-
sures to reduce noise in general, especially noise in the middle frequencies
(600 to 4,000 cycles) in particular to assure comfort in an aircraft.

Thus far there are no objective criteria for determining the maximum
permissible noise level and the pitch harmonics thereof required to provide
the needed standard of comfort. In passenger aircraft the effort is made
to reduce noise as far as possible, considering that comfort is assured
if passengers sitting next to each other can converse without marked effort.

It has long since been established that noise produces a shift in
the aud‘bility threshold due to the masking action of the noise. This is
the equivalent of partial temporary deafness, as cessation of the noise
produces a gradunl return of full hearing.

Figure 15 illustrates tne audib!i’ ity threshold in quiet surroundings
for a person of normal hearing (curve 1). It is evident that sounds of
varylng rrequency become audible at various levels of intensity. Curve
L reprar ats the audibility level of a person with impaired hearing in
quiet surroun.iings.

In the presence of noise the audibility threshold of a normal person
changes as per curve 5; cuive 2 provides the threshold of the feeling
of pain. ‘Thus, in the quiet : person hears all sounds, the intensity of
which are higher than curve 1, while in the ncise he hears only those
levels, whose intensity are higher than curve 5 {the curves adduced
pertaining tov the pure sound only).

-4 -
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The levels of sound producing a shift in the threshold within the
Vimtro of ecurve © nreduce s {ealine of pafc. Thuu it is clear that
ncise has a dea, oning erfece wiich Lontributes to Pour vwwprelunsibitl.,
of speech iistened to in nolsy surroundings.

The curves for shift in audibility level -- audiograms — are
usually plotied on the audibility level in the quiet. Thus, in the
abscnce of noise an audiogram will take the form of a stralight line
coinciding with tne horizontal axis. Consequently, in the presence of
noise the auiingram becomex elevated, remaining stable when the noise
charisteriziic s constant, while aftor its elimination there is a slow
return 1 the wtnrting position. The after-effect of the noise depends
on the durat:sn of the effect of the noise on the ear. After one hour
of subjection %o 125 db the hearing returns to normal 3 to 4 hours later.

Some reaearchers assert the existence of an industrial deafness
subgequont to long terms of work in aviation, but this cannot be regarded
as firmly established.

< sh.pe of the audiogram depends upon the nature of the pitch
harmonics. The audiograms of aircraft noise are very similar in shape
if they are taken in a single helmet-nounted earphone.

To letermine whether the noises of various aircraft affect hearing,
the author rocorded noise audiograms in several aircraft. Toward this
end a speciil :nstrument, termed an audiometer, was built; it consisted
of 4 portnble RC sound frequency oscillator, with output db attenuator.

The method of measurement was the following. Audiograms of several
individuals were takea in a quiet room; this individual audiogram
determining, for =11 practical purposes, the audibility threshold when
the given frequency was transmitted by the audiometer telephone. The
same opar:itior Wi then repeated in an aircraft under conditions of noise.
Then, assuming *hiat the air pressure in tha telephones is

p = kU (19)

in which U 15 the voltnge in the telephones, we obtain the following
audiogrm ordans!
U,
M = 20 log R « 20 los — (20)
Pt 9 Uy
in whicn the :ubscripts, n and t, represent, respectively, noise and
silence.

The cxprossien M (f), in which £ is frequency in c, gives us the
audiogrin we relk,

vrrors hewine t- e with conversions, standardization of telephones, etc.

Figar. ! pregents a noise audiogram for several aircraft with re-
ciproctine  notnen,

Sxerinctaon ond ontlysis of the data we obtained permits the follow-
ing fent et cenclugions:

t5) the gu:iittive nature of all the audiograms is fdentical,
meaning thit the orfect of the nolse of various types of alrcraft on
the apparatus ¢f hearing s iientical;

-5 -
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(v) the quantitative change in the magnitude M (f) is such that
it 4a posaible to find a singlo design parameter for nciae in modemn
aircraft regardless of type, something that has already been done;

(c) changes in noise level nmake it possible to hold, practically
speaking, that the audiograsn shifts parallel to itself,ie, that it rises
with elevation of noise level and declines as noise level declines;

(d) at the measured noise lovels and shifts in aundibility threshold,
the latter 15 approxamately proportional to the change in the leval of
intenaity of noise, in db,

[Pages 39-43)
I1I. METHODS OF RECUCING NOISE

1. Goneral Ceonsizoratisna

Aa indicated above, aircraft noise can attain very high levels
and must be reduced to a minimum which is determined separately in each

individual instanc:

What are the desirable mathods of reducing noise? At what noise
levels 13 noise cntrol most effective?

It must always b2 remembered that neither noise suppression et the
source (guict prepeilers, exhaust manifolds, careful sealing of apertures)
nor souwsd proofing can effect any considerable reduction of cabin noise
independent of each other.

Sepirste rerf>rmance cf any of these measures is meaningful only
if o onareraft alveady in existence has to undergo corrections of defects
in design or in scanaprec{ing. For example, cockoit noise in certain
a2ireraft has been reduced by 5 to & db by sealing the landing lights and
eliminating crevices 1n the cockpit housing. There are instences in
vhich cockpit noise has btcen reduced 25 db in the high-frenqency components
by scaliny cracks  An increase in the rigidity of cabin walls close to
the propeller tip: mey also produce a neise redu ion of scveral db.

iowever, a s:gnificant reduction in cabin noise is attainable only
by & cemoinat:icn of mensures tu suppress noise at the source, and by
provision ¢f cawein soundprocfing, starting at the drawing beard. It is
absoiutely cssent:zl that the cabin be Macoustically homogeneocus,™ ie,
that virtually identical levels of soundproofing be provided at all
compononts of the cabin surface. Otherwise the effect of sound insulation
will be insignificant

It muct be romombered that the noise level in the cabin is determined
by its weakest i:nk, 1e, if ood soundproofing has been provided averywhere
eitept, siay, 5t the windows, cabin noise will be high.

ANy Crnoxs an aportures, however insignificnant, can markedly reduce
soundproofing.  However, good soundproofing of the cabin, even if acousti-
crlly wiform, will not be effective if noise suppression at the source
is neplected To 1grore this is wrong both from the engincering and
vconomie standroiots, .5 in muny cases it is simpler to reduce noise at
the source th.m Lo reduce 1ts penetration into the cabin. In addition,
2t is economically unprofitable to try to deaden high noise levels, as the
effectiveness of coundrreoiing 1s considerably higher at low noise levels.

-5 -
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It - ustl Be ronembered that the Yawaer the leval of axt~—mal nnisa
ilnc greater wne suppression of noise at its sources), tha higher th>
efficiency of a given itype of soundproofing, ie, the weight of the sound-
proofing i3 cmpicyed more rationally.

In reality the subjective response tc sound is determined not by
intensity bul by loudness, L. The exprassion L (F), is markedly nolinear.
The functicn dL{fp) = ‘g(fin) is illustrated in Figure 21. Consequently,

dén ‘

at various notan levels an identical rezuctionabp from a givea level:
of canin s>andprosfing produces a differmnt subjective ¢ffect.

shet fpx3s ab, the function yJ(Pn) attains a maximuz and declines
continuously thercafter with increase infpn.

2, Supprossing Naise at the Source

Let us examine the possibilitiss for reducing noise at its most
important sources.

Propeller

Srom Figure 7 Lt 15 clear that cabin noise duc to the propeller may
be reduced :f the blade velocity, Vg, is cut down, and the smallest distance
from propeller-tip to fuselagoe be increased. Use of multibladed low-
rpm propellers ian also reduce noise by several db,

Acecerding to Figure 7, an increase in dg to more than 30 to 4O cm
haa very littic cffect on noise in the cabin {other sources claim the
contrary, however, and :naicate that dg should not be less than 60 cm).

This is o practicable requirement for new aircraft, a statement

that carnot b> made ac far as reduction in propeller speed and number of
blades 15 conrorned, as these latter reduced prop .ler efficiency to some
degree and 1avolve some serfous technical difficulties (changes in engine
gear-ratio, etc) Nevertheleas, considering that a well-designed low-
noise propellcor provides a reduction of up to 20 db with small loss of
efficicency, careful study must te given te the guestion of the use of
such propellicers in pascenger aircraft in which comfort is a consideration.

To reduce cabin prepeller noise it is recommended thot the freight
compartments of thce fuselage be planned to be tne closest to the propeil-
lors, ard that the walls at these points be more rigid, avoiding, ir
possible, haiches and windows therein.

Fxhaust

It has been estibiiched thot individual exhaust stacks preduce an
incomparably higher naise level than manifolds or, even nore so, manifolds
with muffiers. Variations in stock design do affect the noise leve, but
only 1nsagniticantiy, as is clear from the curves in Figure 22,

Woine Mo boon meanared 1n octave freguency bands under conditions
fdentae i tut for otk shapes. Curves 1, 2, and 3 pertain to manifolds
of viarious tepoo, wnrle o, 5, and 5 apply te stacks.

Te

. .‘
one or .oieth
omnreed reducten

Lo iRt 2 seriouy noilse reduction s to be cxpected from
rotwpe oof stack. ihe use ¢f a manifold can, however, yield
.1 owchrast neise (up to 10 to 20 db). Tnerefore, despita
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some loss of power ccnueguent Lhﬂreon, manifolds are & highly desirable
feature of pavsanger aircraft design.

é 50551der3b ion of the exhaust noisc ene"gy ccﬂsists of high—
e = subject to diffroction and muy therefore

» I

Lol

t ig thoerefore desirable to plnce the axhaust
sep to its leading edge.

E

have o considerable effect on the level of noise hammonicc in ths cabin,
31ru1uulnr’" in ths frejuency range over 300 to LCO c, where the propeller
noise tompanent s ‘ower. In measuring noise only on the-lavel of intensity,
this phencmenon is unnoticeadble, os the value of 7, 1s little dopendont
on exhauzt. Therefare the ;lnal location of ezhaust pipes must be checked
apninst the mack-up of an aireraft, with determination of the noise

5 : . . -

narmonics an absciute T qx rament.

Trzporience hap demonatrabad that the 1 sition of exhsust pipas may

2 20 %y muflflers were added to engines,causing 2 decline

in enpine efficiency, the result was a reduction of 46 to 7
1e2 an one twin-ongined aireraft, and, in snother model,

3 : Bricunsly, the benefit will be less with high-speed alreraft

saving high prepsller-tip speeds as well, but the above resialts merit
ticutariy if they are combined with thoe use of low-noise

I may rocrar ol it b 300 to 80O hp, and a tip soed of about
175 n por o Lne notsa leval of 3-kladed prooelln is comparadble
Laothnt ol tao e oxnnust u.thout manifeid. :

Loradynanic Hoise

Aorodynaﬁic nrice, due to the flow of &¢ir around ths alircraft,
Fealinss with rpeavonent in steamlining. Ko specinl measures can be
;ropopzﬁ L dend thiz type: of n o*"e, but to the degree that that
notae Lo ncy coxponent of nolse horzonies, it i attenuated

(
»

Tow oo i san mony enher types of neisc regquir2 naximum
S rier . othe g oo iy sonropriste mount. fhis is \ﬁr:h\hile

S R IS R 9;:123 Jhe vibro tlon cf ir",p:rﬁs makes J
. Srart et condors i, ancreages its life ond, wurt‘ 5 ghly
S5, clamInTcen A neise of many small, ‘poorly-f ASu%dnud elements

w

i el mey onuge oonolders: Dle noise.

pends very much on the pogition,

Tho nolre level of dot sireralt de
or the cocHprh oraiative to o the ;ngines. If the nozzle of the engine is
runtvad sr far onw posstiols from thoe cabin, the fuselage spnco batwen cabin
s omeseio ot compaotely faliod with eguipment ond tanks, sad Lo Tusel-ogo
VoL resunande, cabin neise will be subgtantially lover thsn otherwise.

ohtrve alraaey spoken of the importoace of romoving coracks. Many

b
2T

Wribers have paven clc r ovidence of the benerits obtiined by tightly .
s ipght, ohaminating glazing chinks therein, ete. Secure
Cfustening of 2ll cicments of eqguipment, careful stopping-up of all cracks
crd nelos wethoul wiception, and packing of Joints, must be an axiom

For overy
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IV, MEASURZING ATRCRAFT NOISE

d: Methods of Measuremant

Measurement c¢f noise in an aircraft is necessary for determining the
degiree to wnich it 1s a disturbing factor and to learn how to reduce it.

The disturbing effect of noise %2 measured by the shift in the threshold .
of audibility, the degrce of unpleasantness of the noise, and by its
effect on the intellig:ibility of speech.

Noise reduction measures can be properly prescribed only if the distri-
buticn of neise energy by sound frequency br. known, X

It is particularly important to note that this distribution or de-
pendence cof noise pitch composition lovels, 3 (f), upon f{requency 1is
determined in 1ts entirety by the criteria of the noise disturbance effect
referred tc above. In fact the shift in the threshold of audibility (in
the noize audiogrim) 1s completely dependent on Bh(f); the intelligibility
of speech iz also calvulated according to B, (f). Finally the degree of
unpleasantness of *na noise, determined by subjective methods, is dependent
to a considerably greater degree upon Bp(f) than on the total intensity
level, f n. Therofore determination of the 3,(f) characteristic is the
proper object of n:ise measurements. As this expression may be determined
only as the result of the processing of a geries of measurements, the
effort to find some single magnitude for the characterizatlon of noise
is fully understandable.

Noise loudneas, loudness expressed in units of sound, "confort index,"
and otlier datum points have been proposed for this purpose. However these
proposals are not justified, as no single standard of valuation can pos-
sibly, as a matter of principle, provide for the differences in the percep-
tion of various sound "spe:stra." Even if this single standard of loudness
permits comparigson 5f various noise spectra, the comparison itself is
useless, as, given identical loudness, different combinations of pitch
will produce differcnt shifts in the threshold of audibility, not to speak
of the marked effect of the narmonics on speech intelligibility. Therefore
efforts to introduce a "confort index," to calculate the loudness of noise,
stc, can be useful only if the noises compared are of the same pitch ele-
ments. However, when that is the case, equal success may be met in using,
as the general charactaristic, the intensity level, F n» @s & magnitude most
readily capable of moasurement.

Camparluon ef nolses of different pitch componentz is possible only
on the bri:. of the characteristic of the distribution of harmonics, B (f).
Only these expressions permit correct determination of required cabin
soundprocfing and the disiurbing effect of noise. Therefore, the object
of noise measurement in an aircraft must be the detsrmination of B,(f)
by frequency analysis of the sound spectrum. This is done, as we have
stated, by octave lilters or sound analyzers. Measurement of the total
intensity level must be on the basis of the measurement of the spectrum
and is therefore of secondary importancae.

The major problem in obtaining f’n is veryfying the accuracy cf the
entire ¢ycle of measurements, as the expression B, (f) permits calculation

of the -nx,a)m.u\.eF,1 (seze formulas 2 and 3), and compnrison thereof with
experimental results If the mqgnitudesﬁgn cale. and}3 exper. differ
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only insignificantly the measurements have been performed properly.
Onhuruisc it is nazesszary to scek the reason for the significant dif-
ference. Agreement o within 1,5 or 2 db may be deemed satisfactory.

: P 2 SRR af the scuna field in a cabin measure-
monts Ats Lover iootos oste beth of crew and passenger:, the recerding’
At head level wad 20 em from the cabin window

onn correspending to normal

nicropuonse being a7
or wall., The Lot
opasrtion, the v"..-"‘..-‘.e'n rps badine lepl eoang L to within SO rpm, at the
prescsibed spec tupe o F .:.;.e.-:-n.tlcn 1n horizontal, lavel flight.
Tz 3 ~50aed Aircraft, s practice has
shownn “hat snoonhonc A flyphy repimz, the speed of the
alrersft atabiivo: ot tre deciraed level atner slowly, so that the plane
tern befere *ho noise measure-

. et AR .
B Wwlisu DA 4 S T T

Tust bo oplven o Chons s to petointo Ythds pat
meont 1a made

that the microphene is not washed by

The researvher multl poase sure
2 fiow of 2rr from o ventilator or Track, as ceritaln types of microphones
Are extremely cencibive o osuch faclars. '

pe cagpenlet in sy, clostic meount, and it is

U Blex ~annecting instrument and
coutoet with tne body of che
Lieonant Llox ne ovotided, Failure to
ult in nigh parazzitic "™Moilse" readings

t mee. Thz body of ths measuring
pa provaded with shock-absorbers
car tle Yrnpoise™ readings due

rintann of At least 10 db

Lo vivrtion ana oot

in the »-xaing noc SO 13 absolutely essential
to comparte te Lot erenntl oevaluation of noise,
ns L roanp : tloningy of tne micsreophone near a
notsy vitratie Liatle due the resulis of the
Lost T DLsten to v - wthir ths microphone is
actunily ;v e

Pl ses riarc oroross rosr o Looricrephone must be eliminated.  Thus,
in poeeoneer o ot v nmgnvidee Doan vents must b2 turned off.

e mida: with the

! [ [T ! =l R Sins tlie tost miict
aovin 1ot st meopreerurs 4l the level of nermnl operation.
In oty Lroroale drenonts oshruld be 2t 1380 m, plus or minus
ico. nln ooonditir o ! iy o purpones of stomw .erlzatlon, as
it fs olear thos LN BRI normailys urod would be just as

SRSAMLD U s e o e Foaar et the rorults of nolse
a2zt vary frenoone to the next

SO Tl T T s recend i wvemme L at laast 3 osuc-

CONSIVe Yeamant Ll ot vl Looenmnogt e ot h th._, ~ full round
af rediines ol Ty rzer frequency
switoh, oot - e cycle is

satisfactory

Lhen ropoar o8t

17 the vy o ov o . exceed 1.5

dby o temrroan ot Vil nzasurement

ia mode, 1t oar e AR ievel £, be measured
before ang aft 0ot e Lvarments woth Dalten analyzer.  In the passenger
cabians it . Meisurements at 3

cross sostien : igure 3, 15 adeguate.
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the noise frum the engires i3 r*ﬁen unequal.

In jarge airoraft tne soats should te at least 75% filled, as
sound absorpticn is much nigner unaer these conditions. In measure-
ments in the crew quarters the microphore must be at the pilot.'s head.

The By, spestra viiues ars found from the levels of intensity,PAf,
in the m .surement tand, ana puertain to the frequency at which the
analyzer iz mel, or tn. mean frequency of the octave filter, which is
determined as Favpe ° ;J‘PTE,, in which f_  and f, are the minimum
ard top freguencief cf the fliter pass dand. With an octave filter,

fy = 2f., sc that :“._,80 - ‘r:. V/? Aircraft noise measuring instruments
must te L‘.gh and small, and it is desirable that they have their own

power jource and te suttezt ts rerote control. The range of measurement
is from 60 to 130 db. Tre frequency range in frequency analysis is from

100 to 3,ocn ¢
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Figure 17. Noise nudluprans for sceveral alreraft with reciprocating
enpzines, 1, singlo-engined ailrcraft with high noise level;

2, 3, n twin-engined sireraft (different operntors): - 4

_STAT

a twin-enpined aircraoft with low nolse level (high—quality

helzent earghoucs),

(Pagos 39-43)
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Fijure 21, Curve for expression f_.L_.(.?_'Q.uq;(s,.).
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